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‘“measurements on four planing surfaces all -having a. beam: -
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bottom and of wave formation are not treated here. Sot-

torf's oxcellent experimonts on theso phases of the prob- T
lem (references 2 and 3), although necessarlly limited to
relatively few speoeds and loasds, give adoguato information

on the phenomona involved and offer a aound basia for fu—

ture theoretical work.. . A : =

amt wll ¥ -

T

The teats covered in this report were made in the
N.A.C.A, tank during November 1933, They inoiude fdrce

of 16 ‘inches but varying in doad rise from 0% to 30° by .
10° increments. Tho results are directly -appllcadle to.-.
the design of planing boates having straight -V bottoms, = '
and also offer a neans of determining the effect of dead’ '_
rlse, unobacured by the influence of the other design " : - ®

- charaecteristics of an actual boat hull, (See reference 6.)

APFARATUS AND PROCEDURE = :""

Agparatug - The N.A.0.A. tank, in which the present
experiments were conducted, is described in detail in refs
erence 7., The arparatus used in the planing-surface tests 3
has been altered somewhat from that described in the refer~ o
ence. The principal change is in the method of suspending
the model. The present arrangement ie sho¥n schematIcally
in figure 1. 1I% 18 somowhat more conmpact than the older ' -
form of towing gate, end eliminates the necesslty of cor- ' T
recting for interaction of the load, resistance, and trim~
ming moment on the various nmeasurements. The entire gear
is susrended by two tapes connected to ths counterwelght
dashpot and rises and falls as a unit, instead of being

‘'pivoted at one end. In the previous apparatus the reac-

tion applied to this pivoted end by the pitching moment of =
the restrained model caunsed an error in the load on the T
water that was negligibly small for seaplane hulls, but -
became serious for tho planing surfates becanse of the :
wide range of pltching moments encountered. Ih the pres-

oot apparetus thisg error is not present. The vertical
counterweights shown in figure l were. added to rexiove the =
effect of any slight acceleration of the carrlage during

the test run., The welght of the model and gear is so great
comparocd to the reslstance being Leasured thgt a consiafent, T
acceleration, although.sq pmall as to be. impgrceﬁiible on - o7
the speed record, will catuse an. appreciable error on the

reslstance record if the system is not balaenced against
longlitudinal sccelerations. . . . .



4 N.A.,C.A. Technical ¥ote ¥o. 509

‘The apparatus uaed ta measure the trim angle and mo-
ments in these tests 1s pimilar to that described in ref-
erence 7. The model 1s rostrainod by a flat spring con-—
trolled by means of an slectrlc motor. The positlon of .
desired. trim angle. The deflection of the spring from 1lts
free position is calibrated to give the trimming moment
imposed on the model. :

Hodels.~ The principal dimensione of the planing sur-
Paces used 1n this investigetion are shown in figure 2.
The models were made of mehogany, and the bottom surfaces
were finished with gray enamel. Transverse stripes spaced
2 inches apart and nunbered to corresnond to the distance
from the trailing .edge 1in inches were palnted on the bottoms
of the models for the purpose of redding the wetted length.
The bottoms of all models consisted of plane surfaces, 1in-
tersocting in a sharp edge at the koel for the three V-
bottom models.

Procedureg.~- The experiments were congducted in the
same manner as that used for "complete" tewts of flying-
boat hulls at the N.A.C.A. tenk. Tae procedure, described
in refserence 8, consists of running the model at a seriles
of predetermined speeds, loads, and trim angles, and meas-
uring the resulting resistance, trimnming moment, and draft.
In the present tests the wetted length, or distance from
the tralling edge to the farthest forward point in contact
with the water, was also read. In the case of the V~bottom
surfaces this point of contact i1s sharply defined as the
intersection of the_keel with the free-yater surface ang.
was read in a mirror set ciose to the water surface sever—
al feot to one side of the model. The flat surface, how-
ever, bullds up above the free-water surface & small
"roll" of water, which emerges from the sides in the form
of spray. The wetted length for the flat surface was road
on the side of the surface at the forward portlon of this
emerging spray. Sottorf's experiments (reference 2) show
that the curvature of the intersection of the roll of wa-
ter with the flat surface 1s very slight across the beam
and that this method of reading the wetted lehgth gives
results which are satisfactory for design purposes..

Test schedule.~ Phe schedule of loads, speeds, and
these variables met in flying-boat practice. At the low
speeds and heavy loads corresponding to the floating con~-
dition for a boat hull measurements were, of course, im-
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possible. The lower limit of speed for a given load was
determined in the case 6f low trim angles.by the wetted
length approaching the over-all leéngth of the model and,
in the cass of high trim éngles, by the tendency of the
wave ‘at the side of the model to fell inward and foul the
stern bulkhesd. The latter condition corresponds to the
lower limit of the planing condition as defined 4in the in-
troduction to this paper. Higher loads could have been
carried a2t low trim angles 1f. longer surfaces had been
usoed; the length chosen, however, ls already somewhat
greater in proportion to the beam than. that of the longl-
tudinally straight portion of most flying~boat hulls.

The upper 1limit of speed wes chosen to correspond to the
average get-away speoed of flying boats. 1In the case of
the flat surface operating under light loads, an upper
limit of the speed was fixed by the fact that the model
started chatterling on the water surface when the wetted
length became very short. The resulting motion was a rap-
id vibration 4in pltch of sufficlent violence to pidvent
accurate measurements. The tests at the heavler: loads
wore carrled out to high .speeds 1ln all cases. This con=-
dition ia not of intorest ind a flying-boat hull bHecause
the wing 1ift reduces the load at high apeeds.‘hut 1%
does represent the case of a planing surface craft and is
of some value in the general study of planing phenomena.

Tare correctiong.— The windage tare for these tests

was determined with the model attached to the towlng gear.
The trim angle wes set at 0° and the height was adjusted
8o that the keel cleared the water by 2 incheds. Several
trim angles and water clearances were tried, and the sf-
fect of changes.in these quantities was found to be small
for trim angles up to 8° and water clearances down to 1
inch. Thils method of determining the windage tars dlffers
from that used in teets of seaplane-hull models in that
the air drag of the model is not included in the water
resietance,  The water resistance does include. however,
the interference between the bottom &f the model and the

water when the surface 4is running on the water. This prfo-

ceflure seems to be loglcal, because & similar interfer~
ence 1le present ln the case of a plahnlng boat ruannlang on
the water. Xo attempt wes ‘made to determine the tare ef-
fects of air forces on the trimming monect. The moments
used in the’'final computations are. those acinally measured
on the models, corrected only for the momént about the
poinft of suspension produced by thelr weights.

a—r
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RBSTULTS

Tegt a.~ The corrected valnos of reslatance, wet~-
ted length iw.l.). center of presdure (c.p.), and draft
for each speed, load, and trim angle are given in tablee

I to IV for the four models. The valusa glven are the
diroct observations for sach. test point with the excep-
tion of the reslstence and the center of pressure. The
canter of pressure was determined graphlcally from the
known trimming moment and .load-~reeslstance ratio as the
latersection of the resultant water force with the kesl
lince of the model, and 1a given as the distance in inches
from this intersection to the trailing edge of -the bottom.

The date given in the tadbles, with the exception of
the drafts, are plotted in figures 3 to 1%. The resist-
ance values read from the curves in these figures were
-crosa~-plotted against trim engle to determine the minimunm
reslstance and the best trim angle for each load at a se-
ries of selected speeds. The wetted lengths and centers
of pressurees for the same loads and speeds were then de-—
termined for the best trim anglee from cross-plote of
these quantities agalnat angle. The results ol these op-
erations were reduced to nondimensional form, and are
presented as curves of resistance coefficient, best itrim,
angle, wetted length, and center of pressure, all plotted
againet Bspeed coefficlent, in figures 20 to 27. The co-
.efflclents are the gare as those used in the analysis of
the test resultes of flying~boat hulls. (See reference 8.)
They conform to Froudel!s law of similitude, and are de-
fined a8 follows: .

Load coefflcient, CA = —ég
wh
‘Resistance coefficlent, Cgp = ;%3
) . .Y
Speed coefficient, Cy = D;:g-
4

whera el e == ==

A is the load on the water, 1Db.

R, reglisetance,. 1Y,
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w, welght density of water, 1b./cu.ft.
(63,5 1b./cu.ft. for water in N.A.C.A. tank)

.b| beam. ft.
v, sepeed, ft./sec.

g. &acceleratlion of gravity, ft./sec.?

The wetted length and center-of-pressure dlstance in inches
have been divided by the beam in inches to reduce these
guantities to nondimensional form. .The reeults given 1mn
figures 20 to 27 may thus be used with any other conelst~
ent syestem of units. .

r -

P;eciaiont— The apparatus used in the present tests
glves neasurements that are correct withln the following
limite: :

Load on weter *0,3 1b..
Resistance .- £.1 1b. -
Trimming moment +1.0 1lb.-ft.
Draft £,1 in, ¥

Wetted length 1.0 4n. cs

Unstoeady running of the models causes the scattering
of the test points to be somewhat greater than these varis
etions in particular cases. The accuracy of the values
of the centor-of-pressure location dspends upon that of
the trimming-moment roamdings. For & load of 80 pounds,
ar error of 1 pound-foot conses an error of 1/80 foot, or
0.15 inch, in thoe center-of-pressure locatlon. The sane
error in trirming noment, hecwever, camses an &rror of 1/5
foot, or 2.4 inchos, for a load of 5 pounds. ‘' The scat-
tering of the -values of center-nf~prossure location 1is
consequently large for the lighter loads, and the cirves
of this quantity for 1loads less than 20 pounds have been
omitted in some cases. a

e
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DISCUSSION

Yariatlong with speed.- The trend of the curves of
resistance, wetted length, and center of pressure against
speed may be seen in figureg 3 to 37. ¥For low angles of
dead rise, thé resistance for =a €lven load and trim angle
tends, in general, to decrease with incroasing speed.

. With increased dead rise thies tendency disappears and the
curves for. model 30, having the Lighest doad-rise angle
tested, show a pronounced increese in resistanco with in-
croasing speed. The wetted lengths anéd distan ces from the
trailing edge to the centers of pressure docrease consist~
ently with increasing spsed for all loads, trim angles,.
and angles of dead rise. The trim augle T, giving mini-
rnum resistance varies only slightly wlth speed for all the
plates except model 30, having 30° dead rise. For that
model, T, 1lncreasee wlth speed through e range of about
2% when the epoed coeffioient 1s increased from 2.0 to 6.0.
The tendency of Ty to remaln nearly constant with spesed
ie contrary to the results obtalned from flying-boat tests.
The apparent dlescrepancy may be ascrited in part to the ef-
fect of the afterbodys The greatser portion of the diffor-~
ence, however, probably arises from the fact that the bluff
bow of tho boat hull rune in the water a% low speeds and

. low trim argles, causing high resgisftance. Consequently,.
for sreed coefficients between 2.0 anéd 3.0 increasing the
trim angle of the hull reduces the resistance by lifting
the bow out of the water. The planing surfaces within the
limite of thelr over-all length are not subject to thls
cause of high resistance at low trim angles, end conso-
guently the optimum value of the trim angle 1s somewhat
lowor than that for a boat hull. A% highor spoocds, where
the planing bottom of the bhoat kull is long enough to keop
the longitudinally curved portion clear, the values of the
best trim angle for the hulls and planing surfacos agree
falrly well,

Variationg with dead rise.~ For a given speed, load,
and trim angle, an increase in the dead-rise angle general-
ly causes an increaBse in the reslistance, wetted length,
end diptance from the trailing edge to the center of pres~
sure. There 18 also a definite ingroese of the trim an~
£le giving minimum resistance with increasing deoad rilse,
ag may be seen in figures 20 to £27. Tho effect of dead-
rise angls on the load~resistanco ratio 1s of particular
interest 1ln seaplane design, becausse of thea necesgity of
keeplng the landing ehock as low ap 1s conpgistent with
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- "good plan*ng characteristice. TFigure 28 shows the effect
"of dead-rise angle on the ioad-resistance ratio for a num-
ber of values of the speod and load coefficlemte. Tt will
' "be seen that, in gencral, the smaller deasd-rise afgles. ' -

glve higher valuea of A/R. This effect is particularly -
. prohounced at high speeds.

- - ‘Development of planing coefficient.— In orﬁer to fa-
.cellltate the use of the taat resulte 40 design work, and’
‘40 provide a means of extrapolating to higker speeds and
loads then those tested, the velues.of load-resistance

ratio, wetted length divided by beam, and center-of-pres-
. pure dlstance dilvlided by beam are plotted against a plan-
ing. coefficient _ !

K = -———-—-———-A - B : -
____é_ p va ba . B -

AP

I
1] .

in figures 29 to 32 for the fonr planing plates. The co-
efficlent K 1= based upon the formulas doveloped by
Schroder in references 9 and 10. The assumptions involved
in Schroder's formulas aroe that. in the planing conditlon
the effdct of graviiy forces on the “low may be neglected
and that tho friction coofficlent does not change with
speed. All of tre load is thus assumed to be carried by -
the. dynamic reactlon of the water; hence if the ratlo of
A/V® 48 held constant for a gilven plste form, dize, and
trim angle, tiae values of A/R, Wels /b and c.p./h
will also remain constant. The coefficlent is made non- T
dimensional by dividing A/V® by pb?/2 where p 18
the moes density of water and b the beam, and 1ln this
form it applles to any elize of plate. The relation be-
tween K and tide coofflcients Cp and Oy may be shown
as follows:

X = A U

& 0 v2 12 :

. lll.-1 i

where p = w/g. the maes density of_watbr. alugs/cu.ft.
A = CA wb® Ve

Cy &b . - | F e S

¥ —_ -
Cp wbH® T g ‘ -
then X = 1 4 = 2 cAa L
' =2 X 2 3 v
2 g Cv g'b
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"¥hen hulls of the same form but of differont slze aro
compared according to Froude's law, that 1e, with the val-
ves of CA and Cy the same in the two cases, the valuo
of X will mnlso be the same. The converse, however, is
not true, since a given value of K may correspond to any
values of CA and Gv that give thge correct ratlo of
20A/Cy?. The use of this planing coofficiont is thus con-

flned %to cases in which tho effoct of gravity, and there-
fore the limitatlions imposed by Froudle!s law, can be neg-
lectods Tho points shown in figurocs 29 fto 32 wore calcu- .
. lated from the curves of figures 20 to 27 for a serios of
values of CA and OCy. Tho scattoring of the points is

an indication of the valldlty of the assumptions lnvolved
in the development of tho planing coofficient XK. It may
be soon that the scattering 1s chiefly conflned to the

rointe for small values of CA, corresponding to a rala-

tively high proportion of hydrostatic 1ift on the planing
plato. ho polnts for the highar values of CA 1lic rcas~

onably close to the mean curves, thus indlicating that the
curves may be used to determine the values of A/RL“ wet-
ted length, and center of prossure for Jaighoer values of
CA and Cy than those covered by tho prcsent tosts, Al-
thoughk tho curves of fisgures 29 to 33 give only the re-
sults for the best trim angles, the ssme mothod may be
used to oxtrapolate the tcet rosults for any Sther trim

to values of load and sreed greater toan those testeod.

EXAMPLES

The calculations for several typical cases will bo
given horo 1an vrdeér to show the application of the results
to deslgn probloms.

(1) The forebody of a flying boat having 20° doad
rise carries a locad of 10,000 pounds at 56 feet per second
on a 7-foat beam. Requirbd to find the laowest trim argle
that will hold tLe wetted lengtih to 7 feet ocn the longitu-
dinally straight planirg bottom, and the corresponding re-
sistancee and center of prossure. Using the %riginal nodel
results (figs. 11 to 14), we have Ay = As .JE) where the

subscript m represents modegl conditions and subscript t
the full-scale conditions, them Ay = 10,000 (1———)

20000 . 9.1 1p, '
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/ b f1.33 _ 55 o o -
Vm = Vg 3}- = Vf N = 5755 = 24.0 :'._'._1_)._5.

(w.lddm = & b = 1.0 X 16 in. = 16 in,

Interpolating between the Wwetted lengths for 60
pounds and 80 pounds at T = 82 and /V'= 34.0 feet per
second’ (fig. 13) the wetted length for A = 69.1 pounde
is found to be 17.3 inchea. The trim angle required to
glve a wegted length of 16 inches is thus elightly grdat-
er than 8°. A similar interpolation for T = 10° givos
a wetted length of 12.6 inches. Interpolation between
these two values shows the trim angle for a wetted length
of 16 inches to be 8.6%. The values of By end (cepelp
for ' A =:69,)1 pounds are next found by interpolatlon for
angles of 10° and 89, Cross curves of these velues, in~
terpolated to T = 8.5%, - give - =

By = 12.0 1b. (0upa)p = 7.8 1h, = ==
from which ¢ .

Ry = 12.0 (%ﬁ) = 12,0 X 144.6 = 1,740 1b.
and

I}
(C-Po)f = 7.8 in. (ﬁ) = 7.8)(5.35 = 41-0 in. or 3-41 ft.
m .

(2) The forebody of & flying boat having 30° dead
rise carries a load of 10,000 pounds at 55 feet per sec-
ond on & 7-fo0ot beam. HRequired to find the wetted length
of longltudinally straight planing bottom when the hull
is running at the best trim engle, and the coF¥rs&apondlang
reslistance, trim angle, and center of preassure

A _ 10000 _ 10000
Wb  64X73 21950

(44}
2]

v 66

Cy = = = —= = 3,67

v ) e Ot
“gb JB2.8x7 B -

For these values of CA end .Gy, we find from fiéurég__
24 and 26, ’

i

LA



12 ¥.A.,C.A. Techrnical Note No. BO%

- W,l CeDe o
Cp = 0.072 “t=ta1.45 FE2a=o072 T, = 6.4

then
R = 0.072 wb® = 0.072 X 21,950 = 1,600 1b.
w.l, = 1,46 X 7 = 10,15 ft. . : -
cupe = 0.72 X 7 = .04 ft.

(3) 4 flat planing esurface (0° dead rise) carries a
load of 2,000 pounds at 30 feet per second. Required to
find the beam necessary to give a wetted length of 2D
mwhen' the purface is running at the best trim angle, and
the corresponding resistance, wetted length, and centor of
Pressure. ..

The beam is unknown, hence the coefficients CA eand
Cy cannot be computed. <4 .direct solution, however, may
be obtalned from figure 29. The value of K for

E;l& =2 4g 0.113.

I 1 64
E = I v v ' for sea water 3 P = 3 X e2.8 0.9985
200 200 i}
0.112 = Sk s b = 220 = 20
0.995 X 30° b 0.995 X 900 X 0.112
b = 4,47 ft.
for K = 0,112, % = 7.02 and 2Rt = 1.40 B

R = %Qg% = BB6 1b.  CuPo = 4.47 X 1.40 = 6.26 ft.

This solution may now be checked, using-the known
beam by meamns of figures 30 and 21.

. A 3000 055 o = T 30 _, .
= = - = 0, = eI aom v o s
A= 352 T 64 x 89.5 v J &b 12

for these values of OA and Cy 1in figures 20 and 21.
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___'.'. ' .. —: -‘_- Cse ._-.- o
“040493. Erf = 2.15 oy = 1.45.

Q
G
W

B .= 0.0493 wb® = 283 1b., w.l. = 2,15 b = 9.61 f%.

CeDe = 1.45 b = 6.48" £, - e

(4) The forebody of a aeaplane float hav;ng 309 dead

rlse carries a load of 2,000 pounds ‘at 50 feet. per second

on & beam of 3.6 feet. Required to find the beét trim

angls, and the. corresponding reslstance, wetted length and‘

center of pressuxe at best- angls. L "__‘_j-j e
2600 - - T
CA = ———5 = 0.726 . c ' 4.72 ;
A= 62 x 3.5° R _YL Jrsz.z X 3. 5 gaE:

This value of CA 1is outside the range tasted hence the
curves of filgure 32 wlll be used.

' et eo00 . . T AT e EEes
=" = 0.066. .
£ 0.995 X 2500 'X 12.3 )~ )

for this wvalue of X

A= 5,15 Wel. GeDs
£= = 1.53 | - 0.74
R = 388 1b, Wel. = 5.36 ft. c.p. = 2.659 ft.

CONCLUDING REMARKS

The test results pressnted in thle paper should aid
the deslgners of seaplanes in making preliminary celcula~-
tions for new designs, and improve the general understand-
ing of the phenomena encountered ln the planing corndition.
The d esigner should bear irn mlind that the measurements
given are striectly applicable only to btottomse of the forms
tested, running in undisturbed water. The forces recorded
include the water reaction and such gir forced¥ as arise
from the interference between the bottom end the water
surface. The eir dreg of the boat hull muast be estimated
separately 1in order to arrive at the total resistance as
moagured in hull-model tests. '
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The charactoristics of a hull et speeds below tho
lower 1limit of planing can be determined only by actual
model tests. The magnitude of the hump resistance, how-
ever, can probably be estimated roasounadbly well for a
hull having & long flat on the planing bottom, since the
hump' usually occurs at speod coofficients within the range
covered by these tests.

Further work on planing surfacos is includod in the

research program of the N.A.C.A. tank. Surfaces with lon-

gltudinal curvature and with arched crose sections will

be tested in the near future. Theoroetlcal work on planing
phendmena, particularly on the form of the wako acting on
the afterbody of a stopped boat, 18 neecded. The appoendix
to this paper offers a solutlon to thls problem for a sim-
ple case. It is hopod that the experimants reportod in
the present paper, together with the work done by Sotiorf
and others, will lead to a more scientific foundation for
future design worlk. - -_—

Langley Memorial Aeronautical Laboratory.,
National Advieory Committee for Aeronautics,
Langley Fleld, Va., September 7, 1934.

i
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APPEEDIX
WAKE OF FLAT SURFAQE

The experimental resnlis presented in thie paper of-
fer a basis for calculating the performance of an unstepped
planing surface, or of the forebody of a stepped hull. Ee-
timating the forces on the afterbody of a flying bdoat or
hydroplane, however, is complicated by the fact that the
planing surface is working in the disturbod walke of the
forebody. The wake of a V-bottom planing surface has a
complex form that changee considerably with changes in
the speed, lomd, and trim angile. Sottorf has meoasured
the contours of the wave formation for several planing
surfaces, and gives a good descriptlon of thelr general
characterletics in reference 3. The procedure involved in
such moasurements 1s so laborious, however, that complete
experiments to determine the wake profiles for all the
cases covered in the present paper are not practicadle,

. A% combinations of the independent variables that
cause the surface to be supported primarily by dynemnio
1if%, the weke of a flat-bottom surface spproaches a fair~
ly. simple form, It takes the approximate shepc of a rec-
tangular trough~like depression for = considerable dis~-
tance aft of the trailing edge of tho surface. A thooret-
ical solution of the vako profile for such a cdes is of-
fered here in the hope that it will be of some ude in it~
self, and may lead to formulas for calculating the shape
of the wake for less slmple conditions.

Referring to filgure 33, 1% is assgumed that the hydro~
statlic T4ft le equal to the welght of water displaced by
that portion of the surface extonding below the free~water
surface; then

wbd.3 :
2 tan T (1)

Hydrostatie 1ift =
where W 1is the weight-density of water, 1lb./cu.ft,
b, beem, ft. _
d, draft, ft.. -
T, %rim angle.

Representing the total loed by A and the dynamic 1if% by L

-
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wba® L wba®
L=A4- 2 tan T°' A=l " 3A%tan 7 (2)

If the effect of the static 1ift on the wake proflle
is neglectod, and the wake ordinates measured below the
. bage line a~a, the dynamic 1ift I can be cquated to
'the downward momentum imparted to the water in unit tims,
“thusa

L = pSVwm : (3)

vhere o is the mass density of water, slugs/cu.ft.
S, &an tnknown area of apparent mass
¥, the translational speed of the surface

the downward velocity‘of the water surfacse
at stetion 1.

By this definition, § 4is an unknown cross—sectional area
of-water such that if all the water passing through thie
area in unlt time were given a downward veloclty of u,
the momentum thus imparted would .equal tho dynamic 1ift.
The subsequent solution depends upon the assumption that

5 remaln the same for all stations along the wake. At
any station a distance x behind the trailing edge of

the surface the total kinetic plus potentlal energy of the
wake 1s assumed to bo constant, and equal to the kinetlc
energy at statlion 1, the after edge of the surface.

-]
KEJ_:LE..Z_V__E}. - . (4)

The potential energy at any polnt is equal to the
work required to depreoss the water surface a distance =
against the hydrostatlic head. The potential energy at any
station =x for unit time ie thue '

P.B. = L2T 2% (s

vhere b is the width of the trough, assumed to egqual
the beam of the surface. The total energy 1is

p BVu2 psSVTuw¥ wbv gs .
2 . = 2 |+ -2 ST T (6)
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where, "u- is the downward veloclty of the surface at xq
From equation (3), p 8 Vwu, = L, hence (6) may be re=
vritten

Luy,=p SVu?+wdV s (?)
~Assunling that the speed of the wake relative to the plan—
ing surfece equals V, we have - - = -
oo . e QE.:E u=Y______d.2
' ax Vv’ dx

Substituting in (7).

- p S 73 ( \ =Lu -wbvV g2 N )
dz dx
= — (10)
VLo, -wbdV g vp sV -
S = [ —=== ~(31)
N wbY ? ) o
1 -1 2 x

gin —\= = =+ C1 (123

WOV / L u, Jps v
: ' wbV o ’

R Il [ ;] ' . R
z = / = bu; sin (x, LA h V +. c;./w DV (13)

2 =0 when =x = 0. hence Gl = 0
issuming that the wake surface at station 1 is parallel to
the planing bottom, we may subst tute V tan T = u; 4in
(13) to give -

L -

- /L tan T ' x/Ww D S S mee e
" LA (\/—p S V“a) (1)

ar ol

[ ﬂlélii-.jdl ..

Ui e
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From equation (3) L =p §V Ty = P s: v “ben’T,
then: SRR

L s
an T 230

Sen " 'p 8 ._Ys..= Y (15)

*Meking thile’ eubﬂtitution 1n (14) ta bliminate the un-
known S, we have . -

_ Lt'a.n'r. ."ir'bta.n'f)
g = / A g8in (x /3-jE—-——— (16)

Fquation (16) shows that, for the 1limiting case cor-
responding to no hydrostatic 1lft, the wake has the form
of a sins curve, and is ingdependent of the speed. The
valve of @,y 1s found by equating

dg ._ . Cee '

g, = O &8 " o -
= L tan T '

Tmax = * wég (17)

and the value of : X correaponding to Spax 18

= I //F___;L_~__ ) .
xZ?QI 2 wbtan 7T (18)

p . Ce _— .

As a checX on thoe. assumptions involved in the forego-
ing derivation, the calculated wake forme are compared
with Sottorf'!s meapurements (reforence 3) of the wake be-
hind a flat surface of 0.30-meter (0.9865~fcot) beam car-
rying 18 kilograms (39.7 pounds) at & speed of 6 meters
(19.7 feet) per second, for thrse different trim angles.
The cirves are shown in flgure 34, ‘It may be seen that
neglecting the effect of hydrostatic 1ift caunses a serlous
error in the calzulated wake form for conditions corre-
sponding to values of IL/A (hydrodynamic~lift/total-load,
equation (2)), eppreciadly below 1.0. As the value of .
L/A approachese unity, however, the agreement becomes rea-
sonably good. It 1s hoped that further work on :the prob-
lem will lead to a solution taking account of the seffect
of hydrostatic 1lift, and possibly to an extension cover-
ing the form of the wake behind V-bottom surfaces. -
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TARLE I. Test Dsba for Kgdel 27, O° Deat Rise 2
Water density 63.5 1b./cu.2b. Yaker tsmperatuxe 81° T, fenengtio visoosity = 0.0000133 £4.%/ss0.

W Tria angle, Tt = 0 ) Trin mngle, v = 6° )
Toad | Speed | Restetance| Loenter oz| werted | Drets Losa| epest | Reststance | Jeubez of| Yetted | Dzass
pressure | length pressure | length
15 .} f.p.s. LI N in. .| 2.p.8. . in, 1. | 4a.
.8 | 20.7 0.8 =03 |7 4 0.4 |+ 5 | 13.4 0.8 8.1 2 |01 2l
284 : : - 8 . 1.8 "] 1.8 3 a
BA| 3| @ | t) 3 AN A I N
: : - - — .3 K] 1.8 [ 1 -
.10 | 0.8 1.4 10.8 y 0.4
2.7 18 1.8 8 5 10 | 13.4 1.4 1.8 + |01
2.4 13 4.8 4 3 153 13 1. 3 | ,1
8.5 1.3 4.7 H i 8.0 1.4 1.8 3 a
3100 13 4.7 3 “ 9.8 14 1 3 5
20 17 0.8 .l i e : k1
o0 Y DT T T Al : :
9.3 a8 5.8 r's " 50 | 13.0 8.9 11.0 13 | o0
5.8 5.4 4.8 8 .8 151 8.8 7.6 10 .8
8.8 2.5 3.4 ? .3 15,0 8.7 8.8 Y .3
.5 X 2.5 3 8 ir.s 8.8 2.7 4 3
0.3 3.6 2.8 4 .3
40 | 381 8.1 841 %0 1.0 i} 8.5 1.8 3 3
28.7 7.6 1.0 2 K1 28.4 2.5 1.5 3 a
28.2 8.8 7.0 51 .8
20.0 8.4 - . ¢ 14 - 40 | 13.0 8.1 18,1 28 3.6
1.3 .7 .3 |15 8 1s.0 5.8 4.8 2 | 18
37.0 48 4.9 ] “ 17,8 B4 7.9 n 8
488 E.2 4.3 Ly . 1. g3 5 s X
s | 5. 1.8 3.0 “ 1.8 jl-s 8.9 4.0 0.7 B 3
0.8 1.5 28.0 28 11 st .8 B.0 2.7 8 3
- e i '’ ﬁi 6 | 18.0 9.0 n.? 33 | a.e 1
36.8 8.2 e.8 1z . |5 17.8 8. 18.8 8 | =0 :
g OH | f (B Ip gt i | &% 8 | :
3 7.0 iy ] e u:g a:g 313 1 :;
" a -
a0 | 8.0 4.3 .9 2 1.2 f’g‘{’, -] .8 5y 8 -8 '
3.0 13.8 7.8 - 8 'n", -34.8 ?.3 2.7 4 «8 :
i3 1.3 e 18 e 5 S " = — A
. . = . - 15, 3. 58, 5.9 ;
48.0 10.4 .6 i By o g.g g.g g.a a ::: X
Trin axgle, r© = 4° s | 11 i | e 3
5 | 1.2 0.7 2.3 . 0.0 | .3 0.7 5.0 ] 5 4
'1::: . :: :%.:% : :: . ?‘.’ 9.5 B8, 'o : [} 3 e “’-_‘-.
. . - . g T
8.8 8 1s H o] ogle, T p— 2
30.6 .8 1.8 H 2 B 12.2 o_g %_g g o_% n
1 | .3 1.3 8.8 ? 0.8 e 8 1.7 1 a1 -
g:g }.:g g:}. : :g 18.6 .8 1.8 1 .8 fe
2.0 12 B4 H 2 04 123 ot 23 £ |°f "
30.8 1.8 B4 3 .1 18.8 1.8 B 3 1
8.4 18 . 8 3
20 | 4.2 2.7 18.7 18 0.8 . .
i ! = i 2 0.7 1.8 2.7 ] .8 :
. X . . 0 | 3.3 .3 e.2 s | o :
18.8 2.5 &.3 : o+ 141 3.3 5.3 7 ]
0.7 B.R 2. N | 18.8 2.0 2.7 4 2
8. 3.2 39 $ 3 18.8 3.0 2.7 3 )
20 3.3 w1 | 3 3 .8 3.0 1.4 3 4 .
40 | 4.7 5.8 93.4 B | 2.0 L[] 182 ] U.4 8|52
1r.0 8.2 5.5 e 1. 13.8 6.7 1.5 iy |18
19.0 8.3 - 18 1.8 8.8 .8 6.4 [ )
18.0 B.3 18.8 0 -} 18.0 8.1 5.8 [
.7 5.2 1.8 u -4 0.5 5.9 X ] a
gg': t:% g:z g :% 25.5 6.1 1.8 3 8 :
. . . . e | 181 10.4 18.4 0 | 5.8 :
48.8 44 2.9 ¢ -8 i5.8 0.3 184 0 | a9 i
g0 | 17.4 8.5 273 -| 4 | 8.8 0l %3 8.5 B |5 :
1a.4 8.2 4.5 3 5.0 . 18.8 0.4 8.0 i3 (18 ;
.1 8.3 19.4 e 1.8 #0.0 9.8 8.4 ] .8 i
.8 .t 2. u 1 8.4 e.8 3. 8 “ :5.
38,1 e.2 8.4 s ] 2.3 8.7 8.8 3 2 — x
as.8 .4 2.9 e -2 1 e | 13.3 4.0 83.1 8 | 4 :
80 | 19.4 | 214 2.9 m 5.3 | < B3 5% L i 5 |
1.0 11.4 27.0 38 2.4 1r.6 13.% - Py ]
20.8 9.1 3 u -2 18.7 151 3.8 18 1.8
s &3 i s | |- ®.0 | 128 = O A -
30.0 11,5 5.0 | &8 .2 Cod
lggasured from szailing edge. : - _



Water tempezsture 81° F.

Einematic visoosity = 0.0000183 £4.3/ssc.

TABLE II. Test Data for Modsl 83, 10° Dead Rise

Water density 63.8 lb./on._ﬂ.
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TABLE II. Test Data for Model 38, 10° Dead Riss (Oontinusd)

Water temperaturs 61° F,

Water density 83.5 1b, fou.fd.
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TABLE IIY, Tess Datn for 89, 20° Dead Rise
Tater density 63,85 1b./ou.f5. Tatpr, SenpeTaiuze T. kisemxtic viscosity = 0.0000188 ﬂ.'lllo-
. ?rim angle, v = &° dr frim sngls, T = 8° .
fg':‘ Load | Bpesd | Resistenos | 10enter of) Wetted] Draft j,m Losd| Speed | Rssistance 1015'«: of| Wetted | Dxats
preasure | length pressure | lenglh
b, | £.p.8. ». in. in. in. 1b, | £.p.8. 1b. in. in. in.
5 |14,5 0.8 8.9 asml 1.3 e oo [Ausy 1.7 7.0 u 1.7 |53
- 89.7 1.3 5.0 e 8 | oY - 14.8 1.7 6.1 10 1.8 7
+38.7 1.8 3.9 & .2 . * 17.8 1.8 8.1 [] 1.8 /"1
L 48.1 1.7 4.1 8¢ | ' 19,8 1.8 5.3 T .| e |7
: . el 1.8 5.0 7. 1.1 a
10 |- 1.8 1.8 10.7 Mol 1.7 P r 58,1 1.8 8.0 s 8 |-9%
¢ 20.0 2.8 6.1 13.4p 1.0 |- : 36,0 1.8 8.8 8 |11 |-
35.0 2.8 4.8 w0:5)F 8 | + 38,0 1.8 B.é 4 . o3
.- 44,8 2.9 4.0 $al 10 5t .6 1.7 8.1 3 X |5 .
. S . 2.36 -
20 |-14.8- 3.8 18.5 385 B8 )i 20 |’ 15.0 3.8 8.9 1r 8.4
I 30.3 4.8 3.9 16s| w4 bis 4.8 3.4 2.0 1 | 20 |14
35.8 4.7 7.3 10| 1.3 : 17.1 3.3 5 n 2.0 {+5 -
48.0 8.3 5.9 e 11 | - v 9.3 3.8 8.7 | e 4
> . ) o N '] ot
e u.s 1.0 Al 8.0 | 8801 3.8 e | L1 pif
7.3 9.1 10.8 sa¥q 15 |l “20.0 3.8 5.4 T | L8 |2
- |- 45081 9.8 7.4 184 1.4 |- L .u.g 3.6 &, [ .1 3
" z 45. 3.8 5.0 4 . 5% —
e |l30.3 11.8 13.8 3| 3.3 |- - - =
35.9 12.9 3.0 g7+ a0 || 40 | 1s.8 8.7 18.3 - 41 |42 -
. 1 14.0 8.1 24 - 1.7 14.6 7.3 18.6 —-33 8.1 2.2 i
< t-17.8 .8 9.0 18 29 |24 o
80 [*20.4 15.3 18.8 14 2.7 |30 |- 18.4 B 7.4 15 | 8.8 o0 -
- . 383 | 18.0 Tt = s |0 |.v2ims 8.y a3 2% | a8 |72 =
i, T ¥ P8 B OB PIHME T
» 1 . » L) . - -
}_Q_!_n B I a8 8.4 v.8 5.8 a_| g |- )
8| 1%.3 1.0 7.0 9 1.0 }: 45,0 T.d 4.3 83 ] 1,1 |[se i
19.3 1.0 8. 8 1.8 [ - . c-nd
.2 1.0 8.1 87 O 80 | 1v.3 10.7 15.Y - |[—28 B.Y |43 w1
23.9 1.0 8.8 6 8 |hr - 19.8 10.3 1.4 +aL 5.3 [2.3% . s
.28 8 ©y 4 R . 81,0 10.0 9.5 1 | oay |z =
ise ® s ol B S (288 | 10.0 8.8 1| 28 [zrv 3
% 5 1.0 5. H B |.14 ' 50.8 10.4 8.1 18 1.8 |3 -
1 - 38.0 10.5 8.3 10 1.7 3 :
10 {-18.3 1.8 8.4 18 1.3 |/ 48,0 1na 7 8_| 1.8 | 4
T 1.7 5. s 14 |3 —
‘9.3 1.8 8.7 ] 1.4 ['8d3 | 80 ] 9 U.4 18.8 ~ 28 4.8 .7 1
.- 7.0 1.7 5.8 10° 1.0 a .0 it.8 18.7 25.«| %.B B8 3
8.1 1.8 8.8 s | 1.0 .";s v 28,5 13.4 8.7 18 2.7 |7 1.
2.8 1.8 4.7 szl 10 |< L-59.9 15,0 8.7 " 8.1 [T =
. 1. 47 8 8 | ~58.8 15,9 8.4 ., 1.8 ). = x
4“8 1. 4.8 5 8 v 435.0 2%, 6.8 10:5) 1.8 .5, « 7
20 |-18.3 2.9 13.4 28 2.8 *rim engls, * = 10° - v
.3 3.0 10.9 aL 2.3 s
17,0 3.8 8.3 17 1.8 B |~13.3 1.1 1.8 e | 0.8 [|/<# =
19,1 3.3 7.5 18 1.7 + 18,8 1.1 - 5 . - @ :
81.0 3.4 7.0 14 1.8 Q |~1v.9 11 1 1.8- 4 .8 -; -
84.0 3.3 8.4 s 1.5 19.8 1.1 9 5.8 4 8 |4 .
3 5.8 6.3 ] 1.3 4.3 11 3.6 e X ] eF —
8 5.6 . 4.7 8 1.1 .5 1.0 - 24 2 8 |- i
_ o jraa1 3.8 .7 7 11 .4 1.1 o114 L1 & |9
40 | 14.4 8.4 17.6 |~ 3¢ 5.6 |2 ~18.1 2.0 48 " ® 1.8 {2F 1.
7L 8.4 13.7 27 2.9 |1 18,1 . 1.9 L 131 J/22
;9. 8.4 11.3 a3 8.4 |5 17.7 3. 4 8 1.4 |y K
s 6.8 9.1 0 2.1 | o |--ste 21 2. 5 9 5T 3
v 34k 8.3 8.3 17 1.8 - 24,3 2.1 .9 grz| @ | 3
5.9 8.7 7.3 181 1.7 |« . S8 2.0 ] [ B b d .
0.8 8.9 (X7 M1 L9 i s v 448 1.0 e a R EEET —x
0.1 7.0 8.8 18 1.8 |- a
4.4 8.8 8.8 T 1.4 v 20 |=13.1 5.8 , T8 13 189 |&% .
4.8 7.4 .7 10 1.8 |rob g-g- :.8 t: - '.I.g 1.; ;-Jr .
s0 | m.o 9.8 14.3 8 8.8 24 | o |o3903 4.0 3.4 e < 1 I 22 :
5 9.4 . 28 8.4 {23 =38 A8 46 L4 FOS T ) -
}30.0 9.7 X 17 1.9 it T-34.8 “4:0 5.5 45} Ty |70 :
.0 10.8 .5 18" 1.7 |'6% 48.0. 40 4 4 8 Je .
.9 1.8 8.8 i 1.8 |rgg yryl T o2 .
-12.9 7.8 12,0 - - 3.8 ¥ .
80 | 34.B 13.0 14.0 » | mo [LW -+ 181 8.0 8.0 2 e 4 3
8.1 14.9 10.0 a | 3.4 [P - 18,0 7.8 6.0 1s o |2 ]
X 1.9 8.3 T 2.8 H{\ A |»29.3 .6 5.7 u | s | "
43.0 U4 8.9 18 1.8 |» 34.8 7.7 3 ] 1.8 /% 1
5.8 L] 4.0 Y | 1§ | 3
2rin sngle, r = @° Loy 7.8 3.0 ] K «? 3
5 | 18.7 1.0 8.4 e 13 |\ 80 {~11.9 18.8 Y4 R ET RS 4
1.8 1.1 e.8 7 .0 1.Y 11,7 9.6 .= as |232 z
7.¢ 1.6 . 8 3% | v . 1.5 7.8 8 | 27 j213 .
.3 1.1 8.8 3 ix [ 42¢.8 1.8 8.4 n 3.0 | » L 5
.3 1.0 6.8 g*4 1.0 )it =248 }_’,;" 4.3 8 1.4 |3 -
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TABIE IV. Test Data for Model 30, 20° Dead Rise

Water density 83.5 1b./oun.r%.

Water temperaturs 57° I.

Kinematio viscosity = 0.0000130 £%.3/sec.
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Figure 22. ~ Variation of Cy at best trim
angle and T, with Cy .
Model 28, 10° dead rise.

Figure 23, - Variation of w.l./b and ¢.p./b
at best trim angle with C,;.
Mode] 28, 10° dead rise.
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Figure 24. ~ Variation of Gy at best irim Figure 25,-Variation of w.1./b and c.p./b
angle apd T, with Cy. at best trim angle with Cy.

Kodel 23, 20° dead rise. Mode] 29, 20° dead rise.
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N.A.C.A. Technical Note No. 508 ) Figs., 28,29
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Figure 28.- Effect of dead rise on load/resistance ratio at
beat trim angles.

Load /resistance, A/R

. 16
+ ra1
A 8
x - i .
e B A
3 “_%1_ Symbol Cpw 55 6
x 0.1
/ + oa
3
wlp A . 4 4
o. | =5 s "5
and :
C.P.
51 — 44 2
L/T/
0 04 08 .12 & 16 20 24 .26 520
K= pvine

Figure 29.— Variation of A/R, w.1./b, and c.p./b at best trim angle
with planing coefficient, K. Model 27, 0°dead rise.

~




A
ymbol Cp==cs

=
(=]

o
B80S ON 930N 1BOTUUYDAL V'O V'N

o

-9

Load /resistance, A/R

)

X G.1
+ 2
o 3
A 4
o .5
x
S P
? A
? M‘D\ hd -ﬁ‘_;_ A
3 ; 1 |® A,
"
w.1 .l s . v doxlo ot S 42T
n é‘ryﬁb e Tk |5 2w,
and 2 / ] / o b
c-p. ) T, w x
b . T =
1 C_LP- C.p-

0 .04 08 J2 160 .04 .08 2 160 04 .08 A.lz .18

K= ._.—A-n-— * Km A K=~
14 pVFh3 o p bt YopViabR
Figure 30.- Model 28, Figure 31.- Model 29, Figure 32.— Model 30,
10° dead rise. - 20° dead rise. 30° dead rise,

Variation of A/R,W.1./b, and c.p./b at best trim skigle with planing coefticient, K .
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N.A.C.A. Technical Note No,509 Figa., 33,34
1 Draf}t ,4 w e Tree-vater surface
Trim angle,T & = i B - - a
X: “‘—Wa.ke-prof:.le

Figure 33.- Diagram of wake profile for flat surface.

Sottorf's measurements at center line of surface (reference 3)
Calculated, assuming L/A=~1.0
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Figure 34.- Comparieon of calculated and measured wake profiles behind
flat surface. Beam=0.9¢51t., A = 39.71b., V= 18.7 fee'l: per sec.

. : s, m—
-5

li ﬂ B !



